Abstract. Group Maintenance is pro-social, discretionary, and relationbuilding behavior that occurs between members of groups in order to maintain reciprocal trust and cooperation. This paper considers how Free/libre Open Source Software (FLOSS) teams demonstrate such behaviors within the context of e-mail, as this is the primary medium through which such teams communicate. We compare group maintenance behaviors between both core and peripheral members of these groups, as well as behaviors between a group that remains producing software today and one which has since dissolved. Our findings indicate that negative politeness tactics (those which show respect for the autonomy of others) may be the most instrumental group maintenance behaviors that contribute to a FLOSS group's ability to survive and continue software production.
Introduction
Free/libre Open Source Software (FLOSS) is software developed and maintained by individuals working closely together in globally-distributed environments [5] . The FLOSS development communities can include dozens, hundreds or even thousands of volunteers who, for the most part, are not employed by and do not receive profits from the projects [20] . In community-based FLOSS, there are rarely explicit deliverables when developing software, and often no project plans or preset schedules [13] . These groups are "largely self-organizing, without formally appointed leaders of indicators of rank or role" [5] (p. 565). Rather, individuals choose to participate how they want to [13] . While there are groups of members who have a higher level of discretion on projects (those we refer to as core members), "power" is generally shared among individuals with the interest and skill to be contributors, allowing them to voice suggestions, contribute directly to the code repository, and distribute releases [5] . Those without such privileges we refer to as peripheral members. These members are still important, as they provide bug reports, documentation, user help and other important functions for projects.
FLOSS development presents a major deviation from traditional models of product development [1] , where rewards for membership are usually more clearly defined. As opposed to being assigned to the team by a common manager, FLOSS members usually volunteer to participate (which Stark [18] described as a "heterarchy"). Despite this unconventional model of software development, FLOSS has enjoyed success, with a user base in the millions that includes major industries [4] . Therefore, it is important to understand how members of a FLOSS team maintain their groups. In other words, how does a FLOSS team maintain cohesion in an environment where tasks and direction is ambiguous and the rewards for participation are not obvious?
This paper considers one potential element that may be a factor in the cohesion of these virtual teams, namely, group maintenance behavior. Group maintenance behavior refers to the pro-social, discretionary and relation-building behaviors between members that maintain reciprocal trust and cooperation [16] . To describe the behaviors embedded in group maintenance, we draw on two closely related prosocial, organizational theories: social presence [8, 17] ; and face work in computermediated communications (CMC) [15] , both of which are explicated below.
The purpose of the research we present in this paper is to assess group maintenance behaviors both within and between two separate FLOSS teams: one which continues development today (Gaim, now named Pidgin), and one which has ceased production (Fire). To address this, we have performed both content analysis and statistical analyses of emails from the archives of these groups. These teams were purposely chosen as ideal contrasts as both teams worked on similar projectsmulti-protocol instant messaging clients. We examine two research questions: Our paper begins by presenting a review of the two theories we have drawn upon to explain group maintenance. We follow this by describing our method, including data collection techniques, our approach to content analysis, and our subsequent statistical analyses. We then discuss our results and the implications of our findings. Lastly, we discuss the limitations of our research, and provide recommendations for future research in this area.
Theory
In this section, we review the two theories that we have leveraged to describe group maintenance behavior: social presence theory, and face theory.
Social Presence
Garrison et al. [8] explain that social presence is a tactic that participants in a community use "to project their personal characteristics into the community" (p. 89), in other words, behaviors that are enacted in order to convey the sense of being a 'real person'. The feeling that participants in a virtual team or community are real has been linked to the success and cohesion of such teams [19] . When individuals can project emotions into a social setting, the group interactions may become more engaging and appealing to participants, thus delivering more intrinsic rewards to members [17] . Because face-to-face settings more easily establish social presence through visual and aural cues, members of virtual teams have to find methods to compensate [8] .
Social presence is usually most easily established in the absence of ambiguous and equivocal informational cues [21] . Daft and Lengel [6] discuss how the informational bandwidth of media dictates the social cues that are able to be presented. They assert that rich media, such as face-to-face or telephony decrease ambivalence because of participants' ability to leverage paralinguistic cues, and natural language, with face-to-face being richest because one can easily include visual cues in expressing a message. Lean media, such as computer-mediated communication, is limited in ability to transfer multiple types of cues may lack the ability to convey clarity in message transmission [21] .
Virtual teams communicate through the lean media of CMC, such as email, where text is the primary vehicle. As such, participants may attempt to increase social presence by enacting strategies that compensate for those cues that are unable to be expressed in the low informational bandwidth [8] . Such strategies include use of emoticons, vocatives, phatics, inclusive pronouns, complimenting, expressing appreciation, agreement, punctuation, and capitalization [17] .
Face Theory
With references to the work of Goffman (1959, 1967, 1983 ), Morand [14] explains that face is "the positive value individuals claim for the public self they present" (p. 545). In other words, face can be viewed as an individual's public identity. Holtgraves notes that this is something that is held as scared to people, and is thus inherently vulnerable to each party who engages in interaction [11] , meaning that people usually strive to maintain both their own face and that of others [14] . Because anyone's face can only be validated by others, it becomes within everyone's interest to maintain the face of those they interact with [11] . Face is therefore viewed as "a social rather than a psychological construct" [10] (p. 142). Thus, people tend to engage in social behaviors and actions that preserve, bolster, or show consideration for the face of others [14] .
There are two desires of identity that make up this notion of face: the need for validation (also known as positive face) and the need for autonomy of action (also known as negative face) [12] . Examples of each come from Duthler, who writes that positive face is exemplified by the want of respect, membership in a valued community, and a reputation for competence and fairness; while negative face is exhibited by want to be left alone, independence from others, self direction, and freedom from restrictions created by others [7] .
Politeness is a tool that individuals can use to moderate any face threats in communicating with others [14] . Despite the need to support the face of others, instances may sometimes occur when one has to "make requests, disagree, and offer advice or criticism to others" [7] (p. 3). Such instances are known as face threatening acts (FTAs), and can threaten both positive and negative face [12] . As members of groups strive to complete tasks and achieve shared goals, face may play an important role in maintaining cooperation, cohesion, and success. The politeness tactics with which participants manage face is potentially a key element in the understanding of group maintenance.
Politeness, as adapted for our conceptualization of group maintenance, is a linguistic act that can take the form of either positive tactics (to encourage positive face) or negative tactics (to encourage negative face) [15] . Examples of positive politeness tactics include use of colloquialisms or slang, vocatives, agreement, and inclusive pronouns. Examples of negative politeness include use of hedges, apologies, formal verbiage, and disclaimers [15, 14] .
Method
In this section, we discuss our research design, data collection strategy, and analysis techniques. This study employs a multiple case study method, as we compare two FLOSS groups that developed multi-protocol Instant Messaging (IM) clients: Gaim and Fire. Both projects sought to deliver a unified platform for those users of multiple IM clients. Instead of having to be logged onto several clients at once, a user of a multi-protocol IM client can log onto a single program (such as Fire or Gaim) and have the other IM clients interface through the single one. These two projects were chosen for comparison because of similarities in their project goals, and nature of group tasks.
Gaim has emerged as a more effective project, based on Crowston et al.'s multivariate measure of effectiveness in FLOSS contexts [3] . Evidence of Gaim's success can also be seen in that the project is still on-going, while Fire ceased active development in early 2007. Of note, shortly after our data collection, Gaim was renamed Pidgin. However, in this paper, we refer to the project as Gaim as this was the name of the project when our data was collected.
Data Collection
For this research project, we analyzed email messages that were sent to both Fire's and Gaim's email lists by all contributors between June 2002 and February 2006, covering 45 months. Since most FLOSS activities (if not all) are archived, we were able to collect our data from the public email archives of both projects. Our data corpus was a convenience sample that had been previously collected for other studies conducted by authors of this paper. This was comprised of decision-making episodes, that is, sequences of email messages that begin with a trigger (an opportunity for choice), discussion related to the issue, and a decision announcement concerning the stated opportunity.
These decision-making episodes were originally sampled to observe potential changes in decision-making processes and norms over time. As such, 20 episodes from three similar time periods for each project were chosen, totaling 120 episodes. Drawn from the developers' mailing lists, the beginning and ending periods consisted of the first and last observable 20 decision episodes respectively. The middle period for each was comprised of 20 episodes that surrounded a major project release that fell approximately halfway between the beginning and ending periods.
As a precautionary measure to ensure validity in our sample, a correlation analysis was conducted on our measures of group maintenance density (described in detail in section 4) by comparing the 120 decision-making episodes with approximately 300 random messages for each group that were not included in our episodic data. These analyses allowed us to determine that there was no statistically significant difference in group maintenance behavior densities between these two contexts. For this paper, we chose to focus only on the decision-making episodes because of the range of interaction that occurs when an opportunity for the group to make a decision about a feature, bug, or other task is at hand, and for the degree of input that is provided from both core and peripheral members in such episodes [9] .
Analysis
We began by conducting content analysis to determine the extent of group maintenance behavior within both projects. Our coding scheme was created deductively from the literature we drew upon to describe group maintenance. It was first used to code a small number of messages in both projects by two graduate students working independently. Based on their discussions and agreement rates, the scheme was revised and then used to code more messages and revised again following additional discussions. This process repeated until we reached a relatively solid coding scheme. The final coding scheme is displayed below in Table 1 including definitions.
To avoid disproportionate representations from codes that implied a small unit of analysis such as emoticons or punctuation, and those that implied larger units such as rationale for FTA and encourage participation, we adopted a thematic measure as our unit of analysis. This is defined as a single idea or unit that conveys a single piece of information extracted (or the smallest unit of independent meaning) [2] . Such units vary in size from a single mark of punctuation to a word to multiple sentences when appropriate.
The two coders on this project were trained to code independently and then discuss any disagreements in order to reach consensus. They demonstrated an interrater reliability of .85 shortly prior to reaching the halfway mark in the data. Therefore they were allowed to code the remaining data independently. 
Disclaimers/Selfdepreciation
Use of disclaimers prior to an FTA; selfdepreciation as a distancing tool; may include apologies as explanations
Rational for FTA
Stating an FTA as a general rule to minimize impact or as to not single out an individual; Explaining the reasons behind an action that might threat someone's face.
Hedges/Hesitation
Use of words/phrases/subjunctives to diminish force of act; Use of hesitation in disagreement (i.e. "well…")
Negative Politeness

Formal verbiage
Using formal wording choices
Findings
The 60 Gaim episodes were coded with a total of 1965 group maintenance indicators; while the 60 Fire episodes were coded with 1732 indicators. However, early reviews of our data revealed that frequency counts were often misleading. For example, a group maintenance indicator that was observed once in an episode with a low word count would carry with it the same weight as that same indicator being observed once in an episode with a high word count. This signaled to us that a direct comparison of code frequencies between Fire and Gaim could be potentially misleading. As such, we decided to use a measure of density in order to normalize our data. We calculated density of group maintenance behaviors by considering how frequently these indicators were assigned per 1000 words. Hence, density (D) is defined by the number of codes in a message (c) divided by the number of words in the episode (w) multiplied by 1000. Our formula can be represented as such: Table 2 lists the densities of each group maintenance indicator and category for both core and periphery members of Fire and Gaim, as well as total densities across all members. 
D = 1000 (c / w)
Comparison of Group Members and Projects
We performed Mann-Whitney U tests on all group maintenance indicators and categories, comparing these between core and peripheral members for each group, and between all members of both groups. This nonparametric test was chosen as our research questions asked if the populations under scrutiny were inherently different. Table 3 lists the z scores resulting from our analyses, and significance is marked is with stars. 
Discussion
At the beginning of this paper we posed two separate research questions. Our first question was: do group maintenance behaviors differ between the core and peripheral members of an ongoing FLOSS development team and one which ceased production? For both Fire and Gaim, emotional expressions indicated no statistically significant results, with the exception of capitalization within Gaim (z = -2.02, p < .05 with an average rank of 61.11 for core and of 52.05 for periphery). These results lead us to suspect that since emotional expressions are tactics that convey a sense of "realness" between members of a group, group-wide norms may be established as to how much "realness" is necessary (or appropriate) to be conveyed under their specific work environment. As will be discussed below, there was a significant difference between Fire and Gaim, but not within the groups.
Positive politeness behaviors showed the most statistically significant results within both Fire and Gaim, however only Fire demonstrated significant results between core and periphery members under positive politeness as a category (z = -3.58, p < .001 with an average rank of 66.46 for core, and 42.86 for periphery). This suggests that members of Gaim felt a consistent sense of camaraderie, while the periphery in Fire may have felt isolated, or at least less comfortable in showing closeness to other members.
Of note, the indicators vocatives and inclusive pronouns showed statistical significance between both core and periphery members within each group. Vocatives were significant, z = -4.28, p < .001 with average ranks of 68.01 and 42.86 for core and periphery respectively in Fire, and significant, z = -2.65, p < .01 with average ranks of 64.49 and 48.79 for core and periphery respectively in Gaim. Inclusive pronouns were significant, z = -6.86, p < .001 with average ranks of 74.62 and 35.62 for core and periphery respectively in fire, and significant, z = -3.37, p < .001 with average ranks of 65.85 and 47.48 for core and periphery respectively in Gaim. These results are particularly interesting because both of these indicators relate to referencing others within the group (vocatives directly, and inclusive pronouns as a way of including the speaker and others). As evidenced by their average ranks, core members of both groups enacted these behaviors most heavily, suggesting that peripheral members in general do not feel as comfortable expressing a sense of belonging within their groups.
Further supporting evidence of Fire having less camaraderie is in the lack of statistical significance between core and periphery in regard to negative politeness behaviors. While both hedge/hesitation and formal verbiage showed statistical significance in Fire (z = -2.18, p < .05, and z = -2.44, p < .05 respectively), the category as a whole did not. This suggests that both core and peripheral members use distancing strategies in their interaction in a fairly consistent manner. Gaim, however, did demonstrate significant difference between the use of negative politeness tactics between core and periphery, z = -2.42, p < .05, with average ranks of 48.95 and 63.78 respectively. We infer from this that the periphery felt more of a need to demonstrate respect for the autonomy of others, perhaps indicating that those less directly involved in the project, while still feeling like part of the group, felt more of a need to respect the autonomy of others than did the core.
The results of these analyses are unsurprising considering that Fire was the group that ceased production, while Gaim (under the moniker of Pidgin) continues production to this day. Positive politeness behaviors were more consistent in Gaim, while negative politeness was more consistent in Fire. This suggests that both a sense of camaraderie and respecting the autonomy of others are beneficial to the continued success of a FLOSS team.
Our second research question was as follows: Do group maintenance behaviors differ between the members of an ongoing FLOSS development team and one which has ceased production? This question asked us to compare the combined behaviors of core and peripheral members in Fire with those in Gaim. Unsurprisingly, two out of our three group maintenance categories showed statistically significant differences between Fire and Gaim.
Emotional expressions, although the most infrequently observed in our data, did show a statistically significant difference between Fire and Gaim, z = -2.01, p < .05 with average ranks of 53.64 and 66.25 respectively. These results suggest that members of Gaim more frequently expressed a sense of being "real people" than did members of Fire.
Considering Fire showed significantly different positive politeness behaviors between core and periphery, and the more consistent use of such behaviors between members of Gaim, it is somewhat surprising that this category did not prove to be statistically significant when comparing behaviors of all members between Fire and Gaim. In fact, out of the 9 positive politeness behaviors identified, only salutations/closing was significant (z = -2.27, p < .05 with average ranks of 52.92 and 66.97 for Fire and Gaim respectively). In light of the differences within groups, and the lack of variation between groups, we surmise that positive politeness as a valid indicator of group maintenance may be best considered when looking at the interplay between different roles within a group. As evidenced by our case, when there is significant variation between group members (in our case Fire), the high end of the variation (in our case the core) may compensate enough for the low end of the variation (in our case the periphery) whereas it evens out when considering them as a whole and comparing to another group that had no significant variation (in our case Gaim) between group members.
The difference between negative politeness behaviors observed in Fire and Gaim were statistically significant, z = -2.74, p < .01 with average ranks of 51.26 and 68.59 respectively. As suggested by table 3, this was largely due to hedges/hesitation which showed significance between Fire and Gaim, z = -2.64, p < .01 with average ranks of 51.58 and 68.28 respectively. Referring to table 2, this behavior was the densest out of all of our group maintenance indicators, indicating that among both groups and roles, it is the most salient measure of group maintenance. Thus, it is not surprising to see a significant difference in its density between a group that has ceased production and one which continues today.
While analyses regarding our first question lead us to assert that that both a sense of camaraderie and respecting the autonomy of others are beneficial to the ongoing success of a FLOSS team, comparing a retired FLOSS team with an active team yielded slightly different results. Negative politeness emerged from our study as the strongest indicator of group maintenance as it showed statistically significant difference in comparing both group members and projects. This leads us to suspect that a group, such as Gaim, may have a higher chance of continuing production when members, especially peripheral members, demonstrate respect for the autonomy of others within the group. However, as a note of caution that is elaborated on in the section below, further research needs to be conducted in order to generalize these results to the wider corpus of FLOSS teams.
Limitations and Future Work
Admittedly, there are threats to the validity of the research we present above. Most notably, in regard to external validity, we recognize that our study may not be entirely representative of group maintenance within FLOSS teams as a whole. Fire and Gaim consist of only two out of hundreds of thousands FLOSS projects that have either existed, or continue production today. As such, they represent a very small sample from which to draw our conclusions from. Both projects are also from the same corpus of FLOSS projects, specifically universal instant messaging clients. It is possible that the patterns of group maintenance behaviors observed in these projects are not generalizable to the larger, diverse population of FLOSS projects throughout time.
To address this limitation, we are in the process of developing and refining automated coding tools with the assistance of the Center for Natural Language Processing at Syracuse University. Once complete, we hope to perform group maintenance content analysis on a much larger sample of projects both active and inactive. It is expected that such an analysis will be more generalizable to FLOSS groups as a whole.
The major internal threat to the validity of our study is that of our instrumentation. Our density measure was created as a way to normalize our data since messages that contain more words are likely to display more group maintenance behaviors. Density is a measure of group maintenance behaviors per every 1000 words. As such, episodes that contained a smaller number of messages, and thus fewer words, may have caused outliers in our data in that some indicators may have been overly misrepresented.
Also, in regard to instrumentation, indicators such as complimenting, apologies, capitalization, rationale for FTA, and formal verbiage appeared so infrequently that we suspect they may not be sufficient indicators of the behavior. Meanwhile, other indicators, such as salutations/closings and appreciation are currently categorized under one category of politeness, but have been observed in such contexts that lead us to suspect they are not mutually exclusive from the other. Further investigation within our own data and other scholarly literature will be conducted to determine the best course of action regarding these indicators.
